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Abstract— In this paper we introduce briefly our joint research project "Smart Privacy Preserving Roads’ 
Traffic and Conditions Monitoring" (Smart P2 Road) and describe the achieved progress and the current status 
of the project. The motivation for our research project is the increasing need for road status and traffic 
monitoring services as the demand for motorized transportation is growing while having limited resources of 
highways, parks and roads. We use smartphones as a platform for implementing our system because they come 
equipped with a wide range of sensors. The most important sensors for our project are the accelerometers and 
gyroscopes which constitute the inertial measurement unit (IMU) and the positioning devices based on a satellite 
constellation such as GPS, GLONASS and Galileo. Moreover, they have detailed maps of the roads for easier 
navigation. Other professional road monitoring sensors such as Antilock Brake System (ABS) sensor which 
already exists in modern vehicles can be interfaced in a modular fashion to our system. The uniqueness of Smart 
P2 Road is to integrate several sensors and devices with a strong emphasis on trust, privacy, security and 
dependability for reliable use by public users and local authorities. The integrity is verified through experimental 
monitoring of roads across Gaza Strip, Palestine and Amman, Jordan. In those experiments we collect various 
sensory data, keeping in mind respecting the privacy of the driver as a priority. These collected data were 
processed and classified using k-means algorithm. The preliminary results show a success rate of 95% for the 
underdevelopment system. 
Index Terms—Smart phones; inertial measurement unit (IMU); GPS; Roads’ traffic and conditions monitoring; 
k-means algorithm. 
I INTRODUCTION
There exists a variety of reasons for conducting our research 
in general and especially for Gaza Strip which has a small 
land area with a high population making its population den-
sity one of the highest in the world. The world is deploying 
smart devices and services everywhere. For example, we 
have smart eHealth, smart homes, smart grid, etc. Driving is 
not an exception of this smart trend to have an intelligent 
transportation system. Needles to say, improving the roads 
information can improve our life and even save lives by pre-
venting traffic collisions. Analyzing crowd sensing data col-
lected from different drivers helps us to learn the road condi-
tions or traffic flow with their accurate locations on the maps 
that reveal road traffic jams, road failures or slippery seg-
ments. Building such a dynamic map can be of great help for 
other drivers who do not have such advanced sensors and 
therefore they can prepare themselves for the unpredicted 
road conditions. It is also helpful for the local authorities to 
have a data base of all road failures.  
Smart P2 Road focuses on two tracks of the road status. The 
first track is the flow of traffic on the roads and the second 
track is the physical status of the road itself. The road status 
is not limited to road failures rather it includes other useful 
information about roads conditions such as slippery and 
snowy roads. Other benefits like diagnosing vehicle health 
and detecting harsh driving can be achieved as extra applica-
tion of our developed system. Smart P2Road’s novel vision 
exploits the emergence of ubiquitous internet access, smart 
devices and sensors to create a new system for smart road 
condition and traffic monitoring. The resulting information 
from the sensors is processed and transmitted to backend 
computer to be accessible for information about needed 
roads’ repairs and traffic status. 
II APPLICABILITY OF SMARTPHONES 
A Detecting road conditions using sensors  
A conventional inertial measurement unit (IMU) consists of 
three gyroscopes for measuring 3D angular rates and three 
accelerometers for measuring 3D linear acceleration. Details 
about inertial sensors and strapdown processing can be 
found in [1]. Figure 1 depicts a configuration of a standard 
IMU, based on inertial sensors. The IMU has been success-
fully used for a wide range of applications that includes nav-
igation, aerospace, industrial, medical, communications, 
consumer and automotive applications. The micro electro 
mechanical systems (MEMS) technologies reduced size and 
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weight of inertial sensors and introduced many novel appli-
cations since they are now embedded in most of the modern 
smart devices. The IMU can capture car reaction when it 
experiences a road crack and this should appear as vibrations 
on the collected gyro and accelerometer data. For example it 
has been shown in [2] that they are able to identify potholes 
and other severe road surface anomalies from accelerometer 
data. Via careful selection of training data and signal fea-
tures, the authors have been able to build a detector that mis-
identifies good road segments as having potholes less than 
0.2% of the time. They used only accelerometers and a GPS 
interfaced to an embedded computer. However, in our ap-
proach we use gyros along with all built sensors in the smart 
device for identifying road failures. The magnitude of the 
vibration should determine the severity of the road defor-
mation. With proper processing of the different types of sen-
sory data we should be able to identify the road failure and 
its type correctly. The more streaming data from different 
drivers can confirm their types and locations more accurate-
ly. 
 
B Road failures as a smartphone application  
The development of smartphones opened an era for new 
applications that monitor road conditions and traffic. An 
example of such recent applications is given in [3]. Howev-
er, in such applications the data about road failures is fed 
manually by people. Other approaches are using filling 
forms on websites which are usually provided by local cit-
ies’ authorities and in many cases those authorities are inde-
pendent from each other. Again, the data might take longer 
time until it is logged by ordinary people and in many cases 
it might be misallocated due to human errors. Our vision is 
to sense those failures without human interaction and let the 
streaming crowd sensing data update the road failures map 
for the whole country instead of the manual feed approach. 
Recently, this idea was investigated in [4] where the authors 
show preliminary results using only a single vehicle. Cleary, 
if we can collect a stream of data from different cars over the 
time and filter this data, the results can be improved.  
Moreover, using external sensors other than those existing in 
the smart device can help in improving the knowledge about 
road conditions. The benefits of our approach will be the 
quick and the precise updates by avoiding human errors. 
Needless to say we need to address many points to achieve 
this goal. The topics of research which will be investigated 
are pattern recognition, sensor fusion and privacy. 
Recently, smartphones were deployed for traffic monitoring 
and usage based insurance [5]. It can be used for detecting 
aberrant driver behavior such as speeding and drifting. An-
other application was proposed in [6] to use the smartphone 
for sensing road artifacts such as potholes and slippery 
roads.  
Roads’ failures, such as crocodile cracking which are very 
common, can be detected using the IMU and verified with 
camera image and their location can be identified with inte-
gration of GPS and the IMU. Similarly, slippery streets can 
be detected with specialized sensors and the ABS sensor and 
their routs can be linked with the accurate positioning in-
formation from the integration of the GPS with the IMU. 
Fortunately, most of the facilities are available within the 
smart device or the vehicle itself. 
 
III CLASSIFICATION ALGORITHM 
The k-means algorithm, first developed four decades ago 
[7], is one of the most popular centre-based algorithms that 
attempts to find k-clusters which minimize the mean squared 
quantization error (MSQE). The algorithm attempts to locate 
k prototypes or means throughout a data set in such a way 
that the k prototypes in some way best represent the data. It 
is an iterative algorithm in which k-means are spread 
throughout the data and the data samples are allocated to the 
mean which is closest (often in Euclidean norm) to the sam-
ple. Then the k-means are repositioned as the average of 
data points allocated to each mean. Perhaps it is the most 
widely used non-supervised technique. 
The k-means algorithm can be summarized in the following 
steps [8]: 
1. Initialization 
a) Define the number of prototypes (k). 
b) Designate a prototype (a vector quantity that is of the 
same dimensionality as the data) for each cluster. 
2. Assign each data point to the closest prototype. That data 
point is now a member of the class identified by that proto-
type. 
3. Calculate the new position for each prototype (by calcu-
lating the mean of all the members of that class). 
4. Observe the new prototypes' positions. If these values 
have not significantly changed over a certain number of iter-
ations, exit the algorithm, otherwise go back to step 2. 
The main problem of the k-means algorithm [8] is its de-
pendency on the prototypes' initialization. If the initial proto-
types are not chosen carefully, the computation might con-
verge to a local minimum rather than converging to the 
global minimum solution. Thus proper initialization of the 
prototypes can have a big effect on k-means. The perfor-
mance function for k-means may be written as 
 
Figure 1: Conventional inertial measurement unit 
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𝐽𝐾𝑚 =  ∑ min‖𝑥𝑖 − 𝑚𝑗‖
2𝑁
𝑖=1    (1) 
IV PRELIMINARY SYSTEM IMPEMENTATION 
 
A Data link between android application and 
webserver 
Communication between android application and the web-
server is one of the most common requirements [9]. We need 
to build a data link connection between the client (android 
application) and the webserver. The sensory data will be 
collected from the user in android mobile application. The 
application when connected to the webserver via a network 
sends a request across the network to the webserver for 
sending sensory data. We intend to use the wampServer in 
our project as a webserver. Client-server architecture is very 
crucial in today's fast-growing technology world [10]. 
The server receives sensory data and stores it in a database, 
then data is processed to extract the road indicators and 
sends it to the user of the mobile application. We use client-
server architecture as the type of network architecture in our 
project because we need a powerful computer that acts 
backend server which receives the sent sensory data by the 
smartphones and then processes it. This architecture was 
designed to enhance flexibility, usability, and functionality 
of the way of communication [11]. 
Figure 2: Android client server (java) connects to MySQL database 
using API [11]. 
 
B Software Tools  
The following list of software tools are used in the imple-
mentation:  
 WAMP Server :WAMP is acronym for Windows, 
Apache, MySQL and PHP which creates an envi-
ronment for developing PHP, MySQL web applica-
tion [12].  
 MySQL: MySQL Database was used to store the 
user details on the database. It was chosen because 
it was easier to implement. 
 PHP: is a server scripting language, and a powerful 
tool for making dynamic and interactive Web pag-
es. We used it for the setup the webserver [13]. 
 HTTP: is a generic and stateless protocol which can 
be used for other purposes as well using extensions 
of its request methods, error codes, and headers. 
POST method is used to make request to a web 
server from the client side while GET method is 
used to respond to the request back to the user via 
http. 
V EXPERIMENTAL SETUP AND RESULTS  
 
A Data collection 
This part consists of recording of several reading for differ-
ent kinds of roads with different kinds of bumps. This data 
contains the gyro and accelerometer reading of the mobile. 
For data collection device, we used Samsung Galaxy Note 4 
smartphone as a platform for data collection. It comes 
equipped with accelerometers, gyroscopes, magnetometers 
and GPS. We used smart phone in navigation on several 
rides at Elrasheed coastal highway Gaza on different vehi-
cles. We collected all sensory data in different road condi-
tions. The road includes different conditions which are 
bumpy, having speed-breakers and smooth. Additionally, we 
collected data with several braking and acceleration events, 
in order to test the braking detection technique which is an 
approach for recognizing harsh driving. 
 
B Feature Extraction: 
In this phase we extract six features of the raw data - the 
mean and standard deviations in the three coordinate axes 
(μx, μy , μz; σx, σy, σz) over 1 second window of data bin-
ning (bucketing). Since the accelerometers reading are rec-
orded high rate and in fact the rate varies, we need to bin 
data over lengthier periods of time. The binning period of 1 
second duration is a practical time period to remove outliers 
and use each bin as one measurement that retains the effects 
of roads deformation. We compute the mean and variance 
for each bin of data along each axis of the accelerometer 
triad. The computed mean and variance are used as inputs to 
the machine learning algorithm. It should be noted that we 
need body frame reorientation to transform the accelerome-
ter readings from body frame to a navigation frame to access 
the accelerometer readings along the gravity axis. 
 
C Classification Approach for Bump Detection 
At the first stage of this research project we focus on roads' 
condition detection. Speed bumps are the most common type 
of road deformation in Gaza Strip. They are used for traffic 
calming in residential areas. Classification based on accel-
erometer and gyro data is used to detect single speed-bumps 
and lengthier patches where the road is consistently bumpy. 
This done by using k-means as classification techniques 
where the features were fed into the k-means, with 3 time 
replicate iterations to avoid local minimum. 
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First the collected data were framed to singles 1 second 
windows where 
(μx, μY , μZ; σx, σy, σz) 
are the mean and the standard deviation computed for each 
axis of the accelerometer and the gyroscope sensory data. 
The three axial accelerometer and gyro data are shown in 
Figure 3. The recorded data has a duration time of 189 sec-
onds. According to the ground truth there was only one 
bump at the second 180 and its effect on the recorded da-
ta is shown in Figure 3. One can notice the following points 
from Figure 3 
 Three axial gyros sense road deformations while 
only the accelerometer vertical to road can sense 
the deformations. 
 The inertial sensors are sensitive to any road de-
formation and the cat's eye road marker can cause a 
misleading effect similar to road bump. 
 The effect of road deformations is synchronized on 
accelerometer and gyro measurements.  
 Real road bump results in larger amplitude and 
longer duration vibrations on gyros and accelerom-
eters readings. 
 
Figure 3: Accelerometer and gyro measurements 
 
After testing with the features set, we found that the 
standard deviation and the mean of the binned inertial 
sensor readings contain information about the road. The 
results of the clustering based on the mean of each 1 sec-
ond binning period of the gyro norm are shown in Figure 
4. As shown in Figure 4, the k-means classifies the smooth 
data with red color, and the bumps with blue. The k-
means classifies the single bump correctly. After classifi-
cation of the 10 different recordings, the success rate of 
clustering the bumps of each were 70%. 
Gyroscope data performs much better than the accel-
erometer in identifying the bumps for numerous reasons. 
First the accelerometer readings need a re-orientation 
from mobile frame of reference to the car frame of refer-
ences while gyroscope readings do not need any prepro-
cessing. This can be explained by the fact that the accel-
erometer readings are not only acceleration rather they 
contain a reflection of gravity. Second, the gyro provides 
three useful measurements while the accelerometer has 
only one.  
The forward accelerometer readings in the car movement 
direction can be used to identify false bumps. One scheme 
that we suggest for using accelerometer forward meas-
urements is by checking having instants of negative ac-
celeration shortly before the bump for validating a true 
bump because drivers usually slow down before reaching 
the bump. By combining information from accelerometer 
and gyroscope readings, the success rate can reach 95%.  
 
Figure 4: Gyroscope Data Classified using k-means (Example). 
 
From the previous figures, we find that gyro is more in-
formative than the accelerometer in identifying the bump 
existence; however, combination of both can improve the 
clustering results. Since the k-means algorithm does not 
specify the category of the cluster, we the use norm of gyro 
data as indicator for category where the instants of higher 
amplitude of gyro norm are considered as bumps.   
VI CONCLUSION 
The Smart P2 Road is an applied research project; however, 
it develops new sciences and theories in different fields such 
as sensor fusion, privacy and signal processing. In this pa-
per, we described our approach for detecting road conditions 
using smartphones to have a cost effective solution with a 
minimized infrastructure. Future work will be developing 
algorithms for detecting traffic status and implementing our 
algorithms at the smartphone and the backend server. 
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